The electronic absorption spectra of various aminoanthraquinone dyes in ethanol comprise five bands in the UV region and one in the visible region (450-560 nrn). The band in the visible region has been assigned to CT of the type p -a. transitions which result from the interaction of the lone pair of the nitrogen atom with the phenyl ring attached to the carbonyl group. The CT nature of the band has been supported theoretically as well as by the effect of solvent on band position. E, and Z-values have been found to correlate well with Am•• of the CT band. The acid dissociation constants of dyes containing hydroxy, carboxy or sulphonic groups have also been determined.
Several workers I -9 have reported the electronic spectra of anthraquinone derivatives and made empirical band assignments. The effect of solvents on the absorption spectra of hydroxy and aminoanthraquinone dyes has also been studied extensively "!" -12. In addition, the electronic absorption spectra of anthraquinone and its amino derivatives were studied on the basis of the polarized absorption spectra using stretched PV A sheets and theoretical calculations ': 8,13 -15. In the present investigation, a complete band assignment for the absorption spectra of six known aminoanthraquinone dyes and newly prepared derivatives has been given, with particular referenceD to the nature of their lower electronic excited states, e.g. the extent of charge transfer (CT) character and the role of the solvent, protonation and substitution in altering the energies of these states. In addition, the acid dissociation constants of dyes containing carboxy, sulphonic or hydroxy groups have been determined.
Materials and Methods
Six aminoanthraquinone (AAQ) dyes, viz. 1-aminoanthraquinone(I); 2-aminoanthraquinone(II}; 1,5-diaminoanthraquinone(III);
1.8-diaminoanthraquinone(IV); l-aminoanthraquinone-2-sulphonic acid (V); and l-amino-4-hydroxyanthraquinone(VI), were obtained from the commercial source (E. Merck) and purified by crystallization several times from suitable solvents. Dyes VII-XIX were prepared using the methods recommended by Schuhmacher Br  OH 245  VIII  CH20H  H  227  IX  CH 2 0H  CI  242  X  CH2OSOCI  H  168  XI  CH2CI  Cl  212  XII  CH2OCH3  H  139  XIII  CH2OC2Hs  H  145  XIV  CH2OC3H7  H  122  XV  CH2OC8HI7   H   145  XVI  COOH  H  360  XVII  CHO  H  238  XVIII  CH3  H  235  XIX  CH3  Cl  255 determination, PMR and elemental analysis. The solvents used for spectral measurements were purified by the recommended procedures 19 -21. Hydrochlorides of AAQ dyes were obtained by passing dry HCl gas into the solutions of AAQ in pure dry CCl4. The formation of the salts was accompanied by the deposition of abundant white precipitate and decolarization of the solution. However, on filtration, the white precipitate rapidly aquired the colour of the initial AAQ, which indicates its decomposition. The electronic spectra were measured using solutions of AAQ at such concentrations that after passing dry HCl gas through the solution, the salts were not precipitated.
but the solutions decolorized. The universal buffer solutions were prepared using the method recommended by Britton and Robinson+'. The spectra were recorded several times on a Pye Unicam SP 8000 spectrophotometer USIng I em matched silica cell at 25 ± 0.1'C. The r~sults were found to be reproducible. A radiometer (PH meter type 63) fitted with a combined glass electrode (GK 2301 C type) was used for determining the pH. The instrument was accurate to ±0.01 pH units.
Results and Discussion * Electronic absorption spectra in ethanol-UV and visible absorption spectra of all the AAQ dyes (I -XIX) in ethanol comprise six absorption bands A, B, C, 0, E and F located near 210, 230, 245, 275, 308 and 450-560 nm, respectively ( Table I) . Band A suffers a blue shift as the polarity of the solvent increases and disappears in HCl solution. The band has low absorptivity after background correction and corresponds to that D suffers a blue shift on going from aprotic to protic solvents. Also, this band splits around 270nm in the spectra of all the dyes, except IX, XI, XII and XIX. Thus, band D can be assigned to n-it" transitions within the carbonyl groups, while the splitting of the band is due to the increase in polar nature of one carbonyl group rather than the other. On the other hand, band E is slightly affected by the nature and position of the substituent and by the change in solvent polarity. Hence, it may be attributed to n-n* transitions within the ethylenic system.
Broad band F is not observed in the spectra of both anthracene and anthraquinone. It shows a wide variation in both position and intensity under the influence of changing solvent polarity and type of substituent.
It was previously assigned to tt-tt" transitions " 27. Inoue et al.' 5 assigned this band by polarized absorption spectra as intramolecular CT from the amino group to the carbonyl group and did not indicate the type of CT. El-Ezaby et al. 12 observed this band in the spectra of hydroxy anthraquinone dyes and attributed it to CT regarding the effect of solvent on its position. To give a precise assignment of band F, the energy of this band may be calculated theoretically and experimentally for the dyes containing one amino group, i.e. I and II. The energy ofCTcan be calculated using the following relatiorr'".
... (I)
In this case, the coulombic force (C) is supposed to a good approximation to be 5.6eV 28 and the electron affinity (E~of the carbonyl group equals 1.4eV. This value was determined polarographically for dyes I and II using the following relatiorr'":
Now, if we consider that CT may originate either from the amino group, the aniline residue or the benzene ring, the ionization potentials of these groups (10.15, 7.7 and 9.24eV respectively'Pr' ') are used to calculate En. The corresponding En values are 3.15, 0.7 and 2.245eV respectively. On the other hand, the experimental values of ECT using cyclohexane are 2.77 and 3.1 eV for dyes I and II respectively. These values are closely related to the values of En using the value of Ip of the-amino group as donor. The experimental value of En for dye II shows better agreement with the calculated one as compared to that in the case of dye I. This can be attributed to the formation of an intramolecular hydrogen bond between the amino and the carbonyl groups, leading to growth of s orbital character of the amino nitrogen atom which favours approach to Spl state by the nitrogen atom. This is reflected in an increase in conjugation between the amino group and the anthraquinone residue. The spectra of AAQ dyes in ethanol are more or less identical with those in 0.1 N HCI and after passing dry HCI gas in ethanolic solution of the dye. However, when the spectra of these dyes are recorded in CCl4 after passing dry HCl gas, band F disappears and the solution becomes colourless. In this case, the corresponding AAQ hydrochlorides are formed. On standing or on addition of a small amount of ethanol or water to the solution of AAQ hydrochloride, the salt solution rapidly acquires the initial colour of AAQ dye and band F reappears. The interaction of proton from HCI with the amino group results in the transition of nitrogen atom to pure Sp2 state, which prohibits the long wavelength CT transition due to the interaction of the lone electron pair of the nitrogen atom with anthraquinone ring. Accordingly, CT is of the type p-aK transitions+ resulting from the interaction of the electron pair of the nitrogen with the phenyl ring to the carbonyl group. This is supported by the fact that the amino nitrogen conjugated with a multiple bond or aromatic rings deviates from the Sp2 state. Such data are, in particular, the internuclear distance (de _~. Data presented in Table 2 show that de -N is shortened and in AAQ derivatives it approaches the corresponding value for pyridine+' -36. Thus, in protic solvents, the nitrogen atom is close to the Sp2 state; the interaction of the lone electron pair of the nitrogen is so pronounced that it may be regarded as incorporated in the common electronic system of the anthraquinone ring, the case which prevents protonation of the amino group in protic solvents.
The theoretical values of En for dyes V-XIX deviate from the experimental values, because the substituents affect the energy of CT band. Thus, the actual ionization potential of the amino group under the influence of the substituents X and Y can be calculated using the experimental values of Ecr (Table 3) .
Electronic absorption spectra in organic solventsThe absorption spectra of AAQ dyes were recorded in 26 Table J 
ET
and Z values"! -46, applicable to polar solutes were investigated (Table 4) compounds with a strongly dipolar ground state to an excited state for which the dipole moment is negligibly small. Thus, the correlations of ET and Z values with )'m.x of band F give straight lines with positive slopes (Fig. I) , while the other parameters give curved lines, indicating that the specific associations are usually much stronger than dielectric stabilization. The spectrum of dye V exhibits band Fat 478 nrn, in ethanol, but not in cyclohexane.
In cyclohexane, the lone electron pair of the amino group is protonated by the acidic hydrogen atom of the sulphonic group and the molecule has Zwitter ion structure. This is supported by the IR spectrum of the dye which exhibits two bands at 3040 and 2650 ern -I corresponding to V~H3 47. The addition of a very small amount of ethanol to the solution of dye V in cyclohexane restores the colour of the dye rapidly and the solution has the same spectrum as in ethanol, i.e. CT band reappears. This is a further evidence supporting the p-ax nature of CT.
Acid ionization constants-The acid ionization constants of dyes VI and VII were determined spectrophotometrically in (BR) buffers ranging from 5 to 12 at 25 ± OYC and a Ji of 0.1 (Fig. 2) . The spectra were characterized by an isosbestic point around 540 nm, which indicated the presence of an acid-base equilibrium of the type
The variation of absorbance with pH at four different wavelengths were typical dissociation curves from which the pK values were computed applying four different methods 48 . 49 ( Table 5 ). The acid ionization constants of dyes V,and XVI were determined potentiometrically.
The pK. values can be evaluated from the titration curves using the relation: (50) for determining the stability constant of complexes was modified to calculate the ionization constant as & SOLVENT EFFECTS OF SOME AMINO-ANTHRAQUINONE DYES
